Obliquely incident (predominantly P-wave) beam inputs from an ultrasonic transducer into a layered bounded composite elastic plate are suitable for detection of weak debonds because they generate on the bond lines the tangential shear to which this kind of flaw responds. In previous studies, the beam-flaw interaction and scattering mechanisms were explored by expressing the fields in both the unflawed and flawed environments in terms of the set of P-SV coupled modes capable of propagating in the plate [1] [2] [3] [4] [5] . As may be anticipated, the reference data generated in this manner exhibited beam-like features of the fields in observational domains characterized by only a few P-SV coupled beam reflections between the outer boundaries of the perfectly bonded plate, thereby indicating that the normal modes do not parametrize the process in terms of the "observables" in the data. ·The problem is therefore reparametrized here by direct beam tracking. As before [ 1 ,2], our model is twodimensional and comprises a two-layer aluminum plate in vacuum, with a weak debond region modeled by a quasi-Gaussian pliability profile.
In what follows, we outline the solution strategy for tracking the input beam via a rigorous complex-source-point (CSP) algorithm through multiple P-SV coupled reflections to an observer on the upper or lower boundaries of the unflawed plate for the purpose of establishing the horizontal and vertical displacements that would be measured with a detector on these boundaries. The flawed environment is defined next, with a description of the analytical procedure employed for generating the scattered field and its contribution to the particle displacements on the plate surfaces. Because of the assumed quasiGaussian pliability profile along the flaw line, the scattered field can likewise be modeled as quasi-Gaussian. For convenient tracking of all of these quasiGaussian (incident and scattered) beams, we introduce a paraxial propagation algorithm that simplifies the forward (direct) problem substantially. Morever, via back propagation, this algorithm can be employed for the inverse problem aimed at source as well as flaw location and identification, using the measured displacements on the surfaces of the unflawed and flawed plate environments. In this manner, the forward and inverse problems have been parametrized entirely in terms of beam propagation events.
Extensive numerical computations have been carried out to establish the validity of the strategy proposed above. This is done by comparing results generated from the various beam algorithms (rigorous or paraxial) with the previous reference data obtained by mode summation. Representative samples are included to illustrate the buildup of "observables" in the reference data by selective addition of beams, the quality of Gaussian matching to the observables, and the quality of the paraxial assumption.
In a final comparison, the paraxial algorithm is employed for detecting, locating and identifying the parameters of a flaw from the surface displacement data produced by the forward reference solution.
SOLUTION STRATEGY: FORWARD PROBLEM
In the summary of the analytical procedure below, we adopt a compact tabular format. Details may be found in the cited references, identified by [ ].
A. Unflawed plate 15. (1/e width) 
CONCLUSIONS
For a two-dimensional model, it has been shown that direct oblique beam tracking from an ultrasonic P-wave source through the first few multiple P-SV coupled reflections in a perfectly bonded two-layer aluminum plate is phenomenologically and quantitatively well matched to the observed displacements on the plate boundaries. Under suitable conditions, paraxial approximations can be invoked, which simplify the full beam propagation algorithm substantially. Conversely. under suitable conditions that isolate individual beams, paraxial back propagation from beam parametrized surface data allows simple reconstruction of the Gaussian source location, width and strength.
The same parametrization (forward and inverse) can be employed for weak debonding if the flaw pliability profile is assumed to be quasi-Gaussian. Such attributes should make this scheme attractive for NDE of certain types of weak debonds. Extension to three-dimensional beam inputs should not invalidate the scheme, nor introduce undue complication. This aspect is to be pursued in the future.
